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Preparation of Giant Unilamellar Vesicles (GUVs) GUVs were prepared by electroformation as described (1). In brief, 50 µl lipid solution (lipid mixture DOPC/Chol or DOPC/Chol/DPPC 1mM in chloroform, 0.3% TR-DHPE, 0.5% DSPE-Bio-PEG2000) was spread on the surface of ITO glass slides (Delta Technologies Ltd, Stillwater, MN) at 60 ºC. The slides were then evacuated for at least 2 h. A chamber enclosing 500 µl sucrose solution (100 mM) was made by two slides and a silicone spacer (Grace Bio-Labs, Bend, OR), and was incubated in the presence of an AC field (2 V/mm, 5 Hz) at 60 ºC for 2 h. Preparation of Micropipettes Glass capillaries (WPI, Inc. Sarasota, FL) were pulled into halves with a pipette puller, and the tips were clipped off using a microforge. The inner diameters of the micropipettes used for tube pulling experiments were ~3 µm. Micropipette tips were incubated with 0.5 % fatty-acid-free BSA in 1X PBS using a MICROFIL needle (WPI) to prevent membrane/pipette adhesion, and then the pipettes were filled with a 125 mM sucrose solution.
Tether pulling method 40 µl diluted GUV dispersion (1:10 in 125 mM sucrose solution), 0.25 µl streptavidin coated polystyrene bead solution (Polysciences, Warrington, PA, diameter ~6 µm) and 0.25µl 10X PBS were injected into a measurement chamber constructed from microscope slides and a cover slip that allowed access by two micropipettes oriented at an angle of 90º. One of these pipettes held a streptavidin-coated bead to pull a tether from a GUV membrane as described (2) .
Error estimation for prolate spheroidal shapes
For vesicles deformed into prolate spheroidal shapes by an axial pulling force, Eq. 2 can be modified by taking into account the ellipticity 
Assuming A, V, and e, all remain constant as the tether length changes, and neglecting a term quadratic in R t , we have
Note that Eq. S3 converges to Eq. 2 in the limit of small ellipticity. In our image analysis, the vesicle radius R v is obtained from measuring the area enclosed by the vesicle equator. We therefore use ac R v  as apparent vesicle radius in the tether radius calculation instead of
e e e c as in Eq. S3. The error contributed by this approximation, expressed as 
is shown in Fig. S1 as a function of ellipticity. The figure shows that the error in R t due to ellipticity is negligible in our measurements, the majority of which have ellipticity values left of the dashed line (Fig. S1 ). The ellipticity of the vesicle shown in Fig. 1 b of our previous contribution (2) indicated using a dotted line in Fig. S1 is large because a thick tether (small aspiration pressure) was chosen for display purposes. Even in that situation, the error in R t is negligibly small. Equilibration times between successive pulls at a fixed tension varied among experiments and were chosen such as to yield reversibly changing projection lengths comparing tether elongation and relaxation (see Fig. 2 a) . Measurements where such reversibility was not observed were discarded. Waiting times between pressure/tension changes were in the range of 1 minute, chosen to lead to reversible bending stiffness values of tethers comparing increasing and decreasing pressure series. This bending stiffness reversibility is displayed in Fig. 2 and Fig. 3 . Any measurements where reversibility was not observed were discarded.
Propagation of uncertainty in membrane tension, tether radius, and bending stiffness
Neglecting from now on the errors contributed by vesicle ellipticity, we use multivariate error analysis(3) to obtain uncertainties in radius, tension, and bending stiffness:
The slope uncertainty in Eq. S5 (first term on the right hand-side) is obtained from (4):
where r is the correlation coefficient, and n-2 refers to the number of degrees of freedom in the data. The uncertainty of the vesicle radius ( v R  ) is estimated to be maximally 0.25 m, which is roughly the image resolution. The error in aspiration pressure ( ) ( P   ) is 1 Pa from the uncertainty of pressure transducer reading. The uncertainty in the pipette radius contributes significantly to absolute values of the tube radius (up to 20% (2)). This uncertainty is neglected in our error analysis as it contributes a constant error to membrane tension dependent tube radius measurements such as shown in Fig. 2 b and Fig. 2 d. We note, however, that our bending stiffness values determined from tube measurements are in good agreement with literature values for DOPC/Chol binary mixtures.
FIGURE S1
Error of R t approximation for prolate spheroidal shapes as a function of ellipticity calculated from Eq. S4 (see materials and methods). Dotted line indicates the ellipticity (e = 0.45) of the vesicle in Fig. 1 b of our previous contribution (2), dashed line refers to the largest ellipticity (e = 0.17) encountered for vesicles examined in Fig. 2 d. Under all conditions the error contributed by ellipticity is negligibly small.
Bending stiffness measurements by micropipette aspiration method Following Evans and Rawicz(5), vesicle bending stiffness can be obtained from determining vesicle pipette aspiration projection lengths as a function of aspiration pressure. Briefly, undiluted vesicle dispersions were injected into a chamber with three sides sealed by vacuum grease. For these measurements we used large pipettes (7~15m in diameter), prepared as described above. After zero pressure calibration, a small aspiration pressure (~5 Pa) was applied to aspirate a floppy vesicle (20~50m in diameter) with no visible buds or tubes. Membrane projections had lengths larger than the pipette radius at the initial aspiration pressure. The aspiration pressure was then decreased to a value (~1 Pa) where shape fluctuations of the vesicle were clearly visible. We increased the aspiration pressure in a stepwise fashion until it reached ~450 Pa, and then decreased the pressure down to its initial value to test reversibility of aspiration. The corresponding increasing and decreasing projection lengths were recorded and measurements not showing reversibility were discarded. Bending stiffness is calculated from the slope of a plot of lnversus fractional area dilation 
